Background: Residential mobility is common in families with young children; however, its impact on the social development of children is unclear. We examined associations between the number, timing and type of house moves in childhood and child behaviour problems using data from an ongoing longitudinal study. Methods: Complete data on residential mobility and child behaviour was available for 403 families. Three aspects of mobility were considered: (a) number of house moves from birth to <2 years, 2 to <5 years and 5 to 9 years; (b) lifetime number of house moves; and (c) moves associated with different housing trajectories characterized by changes in housing tenure. The primary outcomes were internalizing and externalizing behaviour problems at 9 years derived from Achenbach's Child Behaviour Checklist. Linear regression analyses were used to investigate the effect of the housing variables on internalizing and externalizing behaviour problem scores with adjustment for a range of sociodemographic and household covariates.
Background
Residential mobility varies over the life course [1] and is high in young adults and families with young children [2, 3] . High rates of residential mobility have been associated with social disadvantage including poverty [1, 2, 4] , employment instability and family breakdown [2, 5, 6] . While social inequalities have long been recognised as a key determinant of health [7, 8] , more recently, there has been acknowledgement that inequalities start before birth and accumulate across the life course [9] . The impact of residential mobility on child health and development has been the focus of increasing research attention, although results of studies in this area have been inconsistent [10] .
Several cross-sectional studies report an association between frequent moves and behavioural problems such as aggression in school-age children [11, 12] . In contrast, one longitudinal study found no detrimental effect of residential mobility on anxiety and aggression in this age-group [13, 14] . In another longitudinal study, mobility assessed at a neighbourhood level was shown to moderate the association between parental monitoring and externalizing behaviours (e.g. acting out, aggression) [14] . Gasper and colleagues [15] used longitudinal data to examine the effects of residential mobility on delinquency and problem behaviour in adolescence, and found that the effects of mobility on behaviour were mediated by unobserved individual and family differences between mobile and non-mobile youth.
These inconsistent findings may reflect methodological differences in study design, analytical approaches, and measurement of residential mobility. The majority of past research examining the impact of mobility on child development is cross-sectional, and therefore unable to assess temporality, with varying attention paid to addressing confounding based on socioeconomic and household characteristics [10] .
To our knowledge there has been no prior examination of the stage of childhood during which the impact of mobility may be greatest. House moves at certain ages may be more detrimental than moves at other ages. For example, moves occurring when the child has commenced school may have a greater impact on behaviour than at earlier ages, due to disruption of established friendships and peer groups, which are increasingly important in later childhood and early adolescence. Also important is the potential for school moves to independently contribute to the development of behaviour problems through its impact on school achievement and coping [16] .
The aim of this study was to examine the association between residential mobility during childhood and child behaviour at 9 years in a prospective cohort study. Specifically, we examined associations between child behaviour and: (a) the number of house moves occurring from birth to <2 years, 2 to <5 years, and 5 to 9 years; (b) the lifetime number of house moves from birth until 9 years; and (c) moves during childhood associated with different housing trajectories characterized by changes in housing tenure.
Methods

Sample and study design
The Generation 1 study is a longitudinal cohort study of women and their children (n = 557) established between 1998 and 2000 in Adelaide, South Australia. The study is described in detail elsewhere [17] [18] [19] . In brief, women were recruited prior to 16 weeks gestation at a public hospital or through the private practices of three obstetricians. Eligible women were aged ≥18 years, Caucasian, and free from certain conditions known to affect fetal growth [17] . The sample of mothers was broadly representative of all women who gave birth in South Australia during the cohort's establishment, as described previously [17] . The University of Adelaide Human Research Ethics Committee approved the study. All participants gave written informed consent, and the study procedures conformed to the principles of the Declaration of Helsinki.
Mothers and children were followed up during pregnancy (at 16 and 32 weeks), at birth and on eight occasions in early childhood (at 3, 6, 9 and 12 months, and at 2, 3.5, 5 and 9 years). Data pertaining to the children and their wider family circumstances have been collected at each study wave.
Outcome measures
The outcomes considered were internalizing behaviour problems (withdrawn/depressed) and externalizing behaviour problems (aggressive/destructive), derived from Achenbach's Child Behaviour Checklist (CBCL) age 6-18 years parent report form [20] . The CBCL is a well-validated 113-item instrument designed to record children's competencies and problems as reported by their parents. In the present study, mothers rated each CBCL item as not true (0), somewhat true (1) or very true (2), as part of the interview schedule when study children were aged 9 years. Internalizing and externalizing behaviour problem scores were derived according to standard methods [20] . Analyses were based on raw scores, which are recommended for use in community based samples [21] .
Residential mobility
Three aspects of residential mobility were assessed. The effects of the number of house moves in the periods birth to <2, 2 to <5 and 5 to 9 years, were separately considered. In each of these periods, the number of house moves was classified as 0, 1, or ≥2. The effect of the lifetime (total history of ) number of house moves from birth until 9 years was also considered (0, 1, or ≥2 moves).
In order to assess moves associated with different housing trajectories, a variable describing change in housing tenure between 2, 3.5 and 9 years of age was constructed. At each of these time points, housing tenure was classified as private rental, public rental, mortgage/own (including purchase of public housing), living with extended family or living in a residence rent free. Families were classified as having an upwardly mobile housing trajectory if at any time the housing tenure changed from private rental, public rental or living with extended family to mortgage/own or living in a residence rent free, and the change was sustained (i.e. no subsequent tenure changes). Families were classified as having a downwardly mobile housing trajectory if at any time the housing tenure changed from mortgage/own or living in a residence rent free to private rental, public rental, or living with extended family, and this change was sustained. The trajectory was classified as 'mixed' when both upward and downward housing tenure changes occurred. Families with no upward or downward housing tenure changes were classified as having a trajectory of either continuous home ownership (including families who never moved or moved between purchased properties) or continuous rental occupancy (including families who never moved or moved between rental properties). The number of house moves in each period was used as an additional check in the derivation of the measure of housing trajectories.
Covariates
Information on potentially relevant covariates was taken from the pregnancy questionnaires and the assessments at previous study waves. Covariates considered were maternal age at birth of the study child, child sex, highest level of maternal education prior to the birth of the study child (High School (HS) not completed, HS not completed but Technical and Further Education College (TAFE) or University completed, HS completed only, HS and TAFE completed, or HS and University completed), average annual household income prior to the birth of the study child (≤$31,199, $31,200-$51,999, ≥$52,000), change in parental relationship status (separation at any time from birth to 9 years), changes in the number of children in the household (≤1, 2, 3 or ≥4 children in the household at 2 years; ≥1 additional child in the house from 2 to 3.5 years), stressful events in the family between birth and 2 years (any of the following: family court matters, restraining orders, criminal charges, deaths in the immediate family, or any other stressful events nominated by the family), and change in school for the study child between reception (the first year of school) and 9 years (0, 1, ≥2 school moves).
Statistical analysis
The bivariate associations between housing variables, child behaviour problem scores and covariates were investigated through chi-square tests of association for categorical variables and Mann-Whitney U-tests for variables with a continuous distribution.
Linear regression analyses were used to investigate the effect of the housing variables on internalizing and externalizing behaviour problem scores at 9 years. Models were built with the following: (1) number of house moves in each time period; (2) lifetime number of house moves at 9 years; and (3) moves associated with different housing trajectories characterized by housing tenure change. To assess the effects of sociodemographic and household covariates on the fit of each model, models that adjusted for the following factors were also included in the suite of analyses: (a) maternal age, child sex and maternal education; (b) = (a) plus household income, parental relationship status, household composition, stressful events between birth and 2 years, and change in school between reception and 9 years. A potential interaction between house moves from birth to 9 years and school moves from reception to 9 years was tested in each model.
Due to the positive skew in the distribution of the CBCL responses, a square root transformation was applied to the externalizing and internalizing problem scores, and the transformed scores were used in subsequent analyses. Results from the regression analyses are presented as regression coefficients (β) and their 95% Confidence Intervals (CI). A P-value <0.05 was considered statistically significant. All regression analyses were conducted using the REG procedure in SAS version 9.2 (SAS Inc, Cary, NC).
Results
At 9 years, 443 mothers and children participated in the overall follow up. Complete information on residential status and CBCL scores was collected from 403 mothers and children (72% of the original sample). The mean age of the mothers at the birth of study child was 30.3 years (standard deviation 4.9 years) ( Table 1) . Just over twothirds (279, 69.2%) of mothers had completed high school or had further education/training prior to the birth of the child. The mean internalizing and externalizing behaviour problem scores at 9 years are presented in Table 1 .
Mothers of children not participating at the 9 year follow up were younger, less educated and had a lower household income than mothers who did participate (P < 0.05). However, there was no difference in the number of house moves recorded from birth to <2 years, or 2 to <5 years between responders and non-responders at 9 years.
By the 9 year follow up, the majority of families (330, 81.9%) had purchased their own house (including mortgaged ownership); this included two families who purchased public housing.
Measures of residential mobility are summarised in Table 2 . At 9 years, 163 families (40.4%) had never moved house, 91 families (22.6%) reported one house move, and 149 (37.0%) reported moving house two or more times since the birth of the study child. Ninetyeight children (24.3%) had experienced one school move since reception and 18 children (4.5%) had experienced ≥2 school moves.
Number of house moves in each time period
The coefficients for the linear regression models examining house moves at each time period on internalizing behaviour at 9 years are presented in Table 3 . Compared with the referent group of no house moves, moving house ≥2 times from birth to <2 years of age was associated with an increased internalizing behaviour score at age 9 years (β = 0.74, 95% CI 0.31-1.18). This effect was robust to adjustment for covariates that reflected sociodemographic and household characteristics, including parental relationship breakdown and family experiences of stressful events (Models 2 and 3, Table 3 ). There was no association between internalizing behaviour scores and one house move between birth and <2 years, or the number of house moves from 2 to <5 years or 5 to 9 years.
The results for the linear regression models examining house moves at each time period on externalizing behaviour at 9 years are presented in Table 4 . With a referent group of no house moves, ≥2 house moves from birth to <2 years was associated with an increased externalizing behaviour score (β = 0.53, 95% CI 0.04-1.02), as was one house move from 2 to <5 years (β = 0.32, 95% CI 0.01-0.62); however, both of these associations were attenuated and not statistically significant after adjustment for sociodemographic covariates. The frequency of house moves from 5 to 9 years did not have a significant effect on externalizing behaviour at 9 years. 
{
Includes the study child. } Includes 10 families where there were fewer children in the household at 3.5 years than at 2 years.
Lifetime number of house moves
We found no association between lifetime number of house moves from birth to 9 years and internalizing behaviour scores. Compared with no house moves, moving house ≥2 times from birth to 9 years was associated with an increased externalizing behaviour score (β = 0.42, 95% CI 0.14-0.70), however this association was attenuated and no longer statistically significant after adjustment for sociodemographic covariates (data not shown).
Housing trajectories characterized by housing tenure change
Relative to a trajectory of continuous home ownership, moving connected with an upwardly mobile housing trajectory was associated with an increased internalizing behaviour score (β = 0.42, 95% CI 0.04-0.79) (data not shown) and an increased externalizing behaviour score (β = 0.68, 95% CI 0.28-1.09) (Table 5) , however these associations were not statistically significant after adjustment for sociodemographic and household covariates. There was no association between either a downwardly or 'mixed' mobile trajectory and internalizing or externalizing behaviour scores. Relative to continuous home ownership, a trajectory characterized by continuous rental occupancy was associated with an increased externalizing behaviour score (β = 1.29, 95% CI 0.86-1.72); this remained statistically significant after adjustment for sociodemographic and household covariates ( Table 5) .
The interaction between house moves and school moves was not significant in any of the models in Tables 3, 4 or 5.
Discussion
In this study, increased residential mobility in early life (before age 2 years), was associated with increased internalizing behaviour problems in children at age 9 years. The association was robust to adjustment for maternal demographic characteristics, the child's sex, household characteristics, family experiences of stressful life events and changes in family composition. There was no effect of increased mobility after 2 years and there appeared to be no cumulative effect of number of house moves up to 9 years. These findings suggest that there is a sensitive period in early life in which increased residential mobility, even in the absence of instability in other aspects of Includes a sustained change in housing tenure from mortgage/own or living in a residence rent free to private rental, public rental, or living with extended family.
{
Includes families who experience both upwardly and downwardly mobile housing tenure changes.
the home environment, impacts adversely on mental health in later childhood. In contrast with our findings, other longitudinal studies have found no independent effect of residential mobility on child behavioural development [13, 14] . This inconsistency may be explained by differences in the measurement of mobility. For example, Verropoulou et al. [13] assessed whether the child had ever moved home since Includes adjustment for maternal age, child sex, maternal education, household income, parental relationship status, household composition, stressful events between birth and 2 years, and change in school between reception and 9 years. } P values reflect an overall test for the inclusion of the set of variables.
birth, and separately, the impact of any move associated with a change in family status. Beyers et al. [14] measured a different construct of mobility based on the proportion of renter-occupied households and householders who had lived in the neighbourhood for less than 5 years. In this study, we quantified the number of house moves experienced by individual families and were able to examine the impact of moves at specific periods in the child's Includes adjustment for maternal age, child sex and maternal education.
Includes adjustment for maternal age, child sex, maternal education, household income, parental relationship status, household composition, stressful events between birth and 2 years, and change in school between reception and 9 years. } P values reflect an overall test for the inclusion of the set of variables.
life. As a result, our study may represent a more sensitive assessment of mobility across childhood than earlier longitudinal studies. The mechanisms through which increased residential mobility in early life may result in the emergence of behavioural problems in later childhood are unclear.
Maltreatment in infancy and early childhood has been associated with difficulties in impulse control and modulation of responses at age 4 years [22] , and trajectories of anxiety/depression and attention problems from age 4 through 10 years [23] . The possible neuro-biological pathways linking early adversity to behavioural problems Includes adjustment for maternal age, child sex, maternal education, household income, parental relationship status, household composition, stressful events between birth and 2 years, and change in school between reception and 9 years. } P values reflect an overall test for the inclusion of the set of variables.
}
Includes a sustained change in housing tenure from a private rental, public rental or living with extended family to mortgage/own or living in a residence rent free.
** Includes a sustained change in housing tenure from mortgage/own or living in a residence rent free to private rental, public rental, or living with extended family. † † Includes families who experience both upwardly and downwardly mobile housing tenure changes.
over the course of childhood have not been well-studied in humans, although brain plasticity in the early years is now well-established [24, 25] . Early deprivation has been studied in a range of animal species, with evidence of permanent alteration in stress regulation processes [26, 27] .
Moving house is considered a stressful life event [28] . While the causal mechanism linking mobility in early childhood to later behaviour is conjectural, we suggest that moving disrupts family routines, and can be especially stressful for all family members if the move is not voluntary. Infants from as young as 7 months have the ability to appraise situations as stressful, and from 12 months use social referencing (cues from reactions of parents and siblings) to assess events and respond emotionally or behaviourally [29] . Therefore, young children exposed to frequent family upheaval may experience considerable stress, while not having the language skills to fully understand what is happening or to have a sense of threat alleviated. Further research investigating possible underlying causal pathways is required.
High levels of mobility can be a marker of a complex range of circumstances, including instability in other aspects of life and disadvantage, and are likely to be unevenly distributed across the population. We adjusted for a range of socioeconomic indicators, stressful events in the family, and relationship breakdown, which represents the most potent potential confounder due to it being the most common reason for a 'non-aspirational' house move [3] . The association was robust to adjustment for these variables. Although we cannot rule out that the association is due to residual confounding from other unmeasured factors, these would be expected to have an at most minor influence on the observed associations [30, 31] .
We did not find any association between moves linked to either an upwardly or downwardly mobile housing trajectory, and either of the outcomes, after controlling for sociodemographic factors. However, most families (78%) in this study were classified as having a housing trajectory of either continuous home ownership or rental occupancy, so there was limited statistical power to detect any effect of other trajectories on behaviour problems. Relative to continuous home ownership, continuous rental occupancy between 2 and 9 years was positively associated with externalizing behaviour; this association was attenuated but remained statistically significant after adjustment for sociodemographic factors. The reason for this association is unclear. Higher mobility has been associated with private rental tenure [32] , however in this study, the frequency of house moves was not higher in families who continuously rented than in other families. This is consistent with our lack of effect of house moves in any period on externalizing behaviour. It is possible that continuously renting may correlate with other unmeasured markers of disadvantage associated with behaviour, for example, social isolation [33] . It is possible that our measure of housing trajectories did not capture all changes in housing tenure status across childhood. However, the number of house moves in each interval was also used in the derivation of the housing trajectories. The proportion of misclassified trajectories, and any effect on their association with child behaviour, is likely to be small. Further investigation of the common circumstances occurring in families who continuously rent is required.
The strengths of this study include the prospective measurement of housing exposures at several periods in childhood, and the application of widely used behavioural assessments with evidence of reliability and validity in this age-group [20] . Furthermore, although directly comparable official statistics concerning house moves among families with young children are not available, data from the Australian 2007-8 Survey of Income and Housing showed that among households with dependent children (i.e. all ages), 47% had moved at least once in the previous 5 years [34] . This is consistent with our data: in the five year interval spanning child age 5 to 9 years, 35% of study children had moved house at least once, and 60% of study children had moved at least once between birth and age 9 years.
The study has the limitation that complete data on housing and child behaviour at the 9 year follow up were available for only 72% of the original cohort. It is possible that the most mobile families did not participate in this follow-up, as mobility is likely to affect both inclusion and ongoing participation in research. As a result, our observed effects may be conservative estimates. It is also possible that inclusion of measures of child behaviour prior to any moves could have changed the results and their interpretation, if families with children with difficult temperaments and/or later high internalizing behaviour problem scores were more likely to move. The study also has the limitation that only a low proportion of the variance in behaviour is explained by each of the models, suggesting that not all relevant factors were included.
Conclusion
This study has shown that detrimental effects of increased residential mobility on child behaviour may be established in the first few years of life. Our findings highlight the need for further studies to delineate possible underlying mechanisms and for future studies to measure mobility at multiple time-points in the life course. They have particular significance in light of evidence that Australia has very high housing costs relative to other markets [35] , and that problems with housing affordability, a determinant of mobility, are particularly prevalent among young couples with children [36] . Our findings support efforts to address early disadvantage by targeting the broader structural factors that affect a child's early life environment, including strategies that promote secure and positive housing experiences. 
